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Abstract

Mars Pathfinder is the second of NASA”s “cheaper, better, faster’’l)iscovery missions; the first, the Near
Farth Asteroid Rendezvous mission, was launched Febroary 17,1996 to tag up with Eros in Febroary 1999.
1 .aunching on December 2, 1996 and landing on Mars on July 4, 1997, Pathfinder will demonstrate a low-cost
delivery system to the surface of Mars. Historically, spacecraft that orbit or land on a distant body carry a massive
amount of fuel for braking at the planet. Pat hfinder requires fuel onl y to navigate to Mars; t he spacecraft
acrobrakes into the. M ars atmosphere directly from Harth-Mars t ransfer t rajectory, deploys a parachute at 10 km
above the surface and, within100 m of the surface, fires solid rockets for final braking prior 10 deployment of
airbags that cushion touchdown. After landing, petals open to upright the lander, followed by deployment of a
small rover and several scicnce instruments.

A major objective of Pathfinder- acquisition and return of engincering data on entry, descent, and landing
(1:I>1.) and lander performance- -will be completed within the first few hours after landing. In addition, the lander
will transmit images of the Martian surface the first clay. Next, a rover will be deployed, as carly as the first day,
to perform mobility tests, image its surroundings, including the lander, and place an alpha proton Xx-ray
spectrometer (APXS) against a rock or soil to make clemental composition mcasurements. The primary mission
durations for the rover and lander arc onc week and one month, respectivel y. However, there is nothing to
preclude longer operations up to ayear.

Pathfinder will also accomplish a focused, exciting set of scicnce investigations with a stereo, multi-color
lander imager on a pop-up mast; atmospheric instrumentation for measuring a pressure, temperature and density
profile during entry and descent and for monitoring martian weather after landing; and the rover with its forward
and aft cameras and the APXS. The APXS and the visible to near infrared filters on the lander imaging system
will determine the clemental composition and constrain the mincralogy of rocks and other surface materials, which
canbe used to address first order questions concerning the composition of the crust, itsdifferent i ationand the
development of weathering products. Regular tracking of the lander will allow determination of the martian po]c of
rotation, its precession since Viking cra mcasurements, and the moment of incrtia, which should allow
discrimination between interior models that include a metallic core and those that do not.

"The Pathfinder | .anding Site sclected is Arcs Vallis (19.5°N, 32.8°W), which is near the sub-solar latitude
(15“N) for maximum solar power at landing on July 4, 1997 and is at 2 km below the datum for correct operation
of t he parachute. T'he site is in Chryse Plan it ia alowland where a number of catast rophic f 1 oods from the
highlands to the north debouch. It isa“grab bag” site with the potential for sampling a wide variety of different
martian crustal materials, such as ancient crustal materials, intermediate age ridged plains and a variety of
reworked channcl materials. 1 {ven though the exact provenance of the samples would not be known, data from
subscquent orbital remote sensing missions could be used to infer the provenance for the "ground trath" samples
studied by Pathfinder. Available data suggest the site is about asrocky as the Viking sites, but perhaps a bit less
dusty. This site has streamlined islands nearby, carved by the. flood, and a very smooth depositional surface at
Viking resolution, except for small hillsand secondary craters.

This paper reports on the status of Mars Pathfinder’s drive to space qualify its Flight System for launch on
December 2, 1996 under a cost cap -in particular how the Project is dealing with qualification of its entry, dc.scent
and landing event and the surface operations phase as well as the normal launch and space flight phases. It also
reports on its landing site selection and science plan.




MARS PATHFINDER SCIENCE OBIECTIVES AND INVESTIGATIONS

The scientific objectives and investigations addressable by the Pathfinder payload include: surface
morphology and geology at meter scale, clemental composition and mincralogy of surface materials and a varicly
of atmospheric science investigations.

The surface imaging system will reveal martian geologic processes and surfacc-atmosphere interactions at
a scale currently known only at the two Viking landing sites. It will obscrve the rock distribution, surface slopes
and general physiography in order to understand the geological processes that created the surface. This will be
accomplished by panoramic sterco imaging at various times of the day as well as before and afler the imager
deploys on its pop-up mast. In addition, observations over the life of the mission will allow assessment of any
changes in the scene over time that might be attributable to frost, dust or sand deposition or erosion or other
surface-atmosphere interactions. The rover will also take close-up images of the terrain during its traverses. A
basic understanding of near-surface stratigraphy and soil mechanics will be obtained by imaging from both rover
and lander, rover tracks, holes dug by rover wheels, and any surface depressions left by the retraction of the
airbags or the landing of the spacecraft.

The APXS and the visible to near infrared (0.4 to | micron) spectral filters on the imaging system will
determine the clemental composition and constrain the mincralogy (IMP filters are particularly sénsitive to
pyroxene and iron oxides) of rocks and other surface materials, which can be used to address questions
concerning the composition of the crust, its differentiation and the development of weathering products. These
investigations will represent a calibration point ("ground truth") for orbital remote sensing observations. The
imaging system will obtain full multispectral panoramas of the surface and any subsurface layers exposed by the
rover and lander. Because the APXS is mounted on the rover it will characterize the composition of rocks and soil
in the vicinity of the lander (tens of meters), which will represent a significant improvement in our knowledge
over that obtained by Viking or that likely to be obtained by the Russian Mars 96 small stations, which deploy the
APXS on single degree of freedom arms. The rover-mounied APXS sensor head on Pathfinder will also be placed
in holes dug by the rover wheels and against rocks that have been abraded by a rover wheel. Multispectral images
are also planned for 2 sets of magnetic targets distributed at two locations (and heights) on the spacccraft that will
discriminate the magnetic phase of accumulated airborne dust. In addition, a single magnetic target mounted ncar
the imager head will be viewed by a magnifying lens to determine the size and shape of individual magnetic
particles. The APXS will also measure the composition and, in particular, the titanium content of dust adhering to
magnctic targets at the end of the rover ramps, which is critical for discriminating the various magnetic phascs. A
rear-facing imager will enable closc-up images with millimeter resolution of cvery APXS measurement site.
Between these images and auxiliary information from lander imaging spectra, it is likely that mincralogy can be
constrained from the elemental abundances measured by the APXS.

The atmospheric structure instrument will detérmine a pressure, temperature and density profile of the
atmospherc with respect to altitude during entry and descent at a new location, time and scason. Measurements of
pressure and temperature will be made in a triangular space between the petals at the base of the lander during
descent. Redundant three-axis accelerometers will allow cextraction of atmospheric density profiles and hence
pressure and temperature profiles during entry. Diurnal variations in the atmospheric boundary layer will be
characterized by regular surface metcorology measurcments (pressure, temperature, atmospheric opacity, and
wind). Three thermocouples mounted on a meter high mast located on a petal away from the thermally
contaminating lander clectronics will determine the ambient tempcerature profile with altitude (one thermocouple on
top, one at the mid point and the third one quarter from the bottom). A wind sensor on the top of this mast along
with 3 wind socks below it will allow determination of wind speed and direction versus altitude in the boundary
layer as well as calculation of the acrodynamic roughness of the surface. Regular sky and solar spectral
obscrvations by the lander imager will also monitor dust particle size and shape, refractive index, vertical acrosol
distribution and water vapor abundance.

By 2-way range and Doppler tracking of the Mars Pathfinder lander during communication sessions a
variety of orbital and rotational dynamics science objectives can be addressed. Within a few months of such
tracking, it is expected that the location of the Pathfinder lander can be determined to within a couple of meters.
With the location of the lander known, the pole of rotation of the planct can also be determined. Knowledge of the
oricntation of the pole of rotation allows calculation of the precession constant to a fraction of a percent by
comparing with similar mecasurements made with the Viking landers about 20 years ago. Measurement of the
precession constant (regular motion of the pole with respect to the ecliptic) allows direct calculation of the moment
of incrtia, which is governed by the density distribution with depth of the planct. At present, the moment of inertia
of Mars is poorly known and allows interior models with and without a metallic core. This mcasurement of the
moment of inertia will provide strong constraints on possible interior modcls and likely distinguish between these
competing interior models. The present day moment of inertia is also a strong constraint on potential obliquity
variations in the past, which could have been large for Mars. Constraining possible obliquity variations is
important for understanding the long term climatic fluctuations. The scasonal variations in rotation rate (changes in
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Atmospheric Structure instrument / Mcteorology Package (ASUMELT)

The ASUMEST isimplemented as a facility instrument, developed by JJ’],, to provide engincering support
to the measurement of the entry descent and landing conditions andto acquire science data both before and after
landing. 1 data acquired during the entry and descent of the lander permits the reconstruction of profiles of
atmospheric density, temperature and pressure from altitudes in ¢ xcess of 1()() kmto the surface. The
accelerometer portion of the experiment consists of redundant X-, y- and z-axis sensors. Three gain states arc
provided to cover the wide dynamic range from the micro-g accelerations experienced upon entering the
atmosphere to the peak deceleration experienced during entry into the atmosphere.

The ASI/M T (T instrument hardware consists of 4 thermocouples anda wind sensor mounted ona 1 meter
longmast that deploys upright from the end of alander petal after landing. A pressure sensor is mounted within
the thermal enclosure of the lander with atube Icading to atriangular opening between the petals for measurement
of the pressure during descent and after larding. Pressure and temperature sensors arc sampled twice per sccond
while entering and descending through the atmosphere. T'emperature, pressure, wind speed and direction arc
sampled hourly throughout the lTanded mi ssion at multiple heights above the local surface.

The rover payload consists of monochrome stereo forward cameras for hazard detection and terrain
imaging anda single rear color camera, On the rcar of the vehicle is the. alpha proton x-ray spectrometer mounted
ona deployment device that chables placing the APXS sensor hcad up against both rocks and the soilat a wide
variety of orientations. The rear facing camera will image the APXS measurcment site with order 1 mm  resolution.

The rover will aso perform anumber of technology cxperiments designed to provide information that will
improve the design of future planetary rovers. Thescexperiments include: terrain geometry reconstruction from
latdcr/rover imagery; basic soil mechanics by imaging wheel tracks and wheelsinkage; dead reckoning sensor
performance and path reconstruction/recovery;logging/t rending of vehicle data; rover thermal characterization;
rover visionsensor performance; UHE link cffectivencss; material abrasion by sensing loss of coveringsof
different t hicknesson a rover wheel; and material adherence by measuring dust accumulation on a reference solar
cell with aremovable cover and by directly measuring the mass Of  the accumulated dust on a ¢ uartz crystal
microbalance.

MARS PATHEINDLR PROJCT APPROACH

Pathfinder isin a special “chcaper, better, faster” project operating mode, accomplishing a challenging
mission on a quick reaction schedule, atlow cost and fixed price, using a “Kelly Johnson” like skun kworks
approach, with the majority of its team co-located within JJ'], focusing on a limited set of objcctives, cost-
cffectivel y balancing the use Of available andnew technology, exploiting J|'] s deep space infrastructure,
streaml I ning project approaches and minimizing bureaucratic red tape. NASA’s Office of Space Science is
developing Pathfinder. The Advanced Concepts and T'echnology Office teamed with the Space Science office is
developing the Pathfinder rover. Pathfinder is being performed at J)'], in its in-house, subsystem mode.

Projectsunder tight cost andschedule constraints mustnot take “short cuts” in certain critical project
implementation steps, just the opposite, these steps must be emphasized evenmore.
some. of these critical steps arc:
1. Technical, cost and schedule planning
2. Technical, cost and schedule monitoring and control
3. Risk assessment and mitigation
Risk has two clements: programmatic and mission which are highly interrelated. Over-cmphasis on staying
within the budget could jeopardize mission success, andintoday ’s environment, it is not acceptable. to overrun
cost caps.
in addition, with NASA’s breaking up the available space $ pie into many small missions, avoiding al
cggsinone basket, therc is noexcuse for taking unduc programmatic or mission risk onanyonc small mission.

Project Challenges in Today s Environment

Then how does a project manager proceed with what appears to be a rather highly
constrained project implementation challenge: accomplishing a significant mission, under tight
cost and schedule constraints, while not failing?




First: At the outset, amission scope doable. within the $ cap must be identified, firmed and maintained.

This is a non-trivial task since it requires significant up front mission  planning, assessment Of
implementation, design and test challenges and thorough cost estimating. Iteration of mission scope may bc
nccessary (o achieve asufficient $ rc.serves pool at the start of the project, correctly phased over the span of the
development period. For Pathfinder, we started with a $100M mission scope with $50Min reserves (1:'Y92 $).

Approaching launch, the majority of our $ reserves have been used, not for increased mission scope, this
remained as originally specified, but to cover flight systemimplementation challenges largely in1iDI. design and
test andinsqueezing cruise, 1D, and surface operations functions into onc spacccraft- our two major
innovations on this project, both with large $ uncertainty at the outsct. The rest of the project clements. project
management, mission design, ground datasystem, mission operations development ant]” instruments are being
accomplished at our under their original cost caps.

Barring major difficultics in final flight system and environmental testing, we stand a good chance of
completing development within the cost cap.

Second: Project monitoring and control methods must be established to assess performance so that effective
necessary corrective action canbe implemenited quickly for problems,

With today’s computers and management tools, the. challenge here lieswith selection of a system and
metrics thatare uscfulto the project team at the same time provid ing clear representations of performance to
Programand institutional managers of the I’ rgject.

But computer aided metrics, schedules, tables of cost incvery format are only as good as the input, ncver
cver wi | 1 they be asubst it ute fora good tecam-  which if necessary can still do a project on the back of an
envelope.

First we assembled an cxcellent, motivated team. Now that may sound like “Mothcrhood and Apple Pie”,
but far and away this is the most important ingredient to Pathfinder’s successful approach to date. Pulling high-
spirited individuals toge.ther, inside and outside JJ']., to make up the Pathfinder team was not an easy task. With
JPL. institutional support, kcy team members were cxtracted from their home divisions and co-located with the
Project in what is called a “soft projectizationmode” where team members remain administratively tied to their
home divisions. The team is amix of bright, ambitious youth and seamed o]d-timers, all sensitized not only to the
technical challenge but very important] y to the necd to do this job at afixed price. Al 1were empowered to produce
thei r product according to their pl an.

Not{ul 1y appreciated at the start was the degree to wh ich we would need to expand the Pathfinder team
outside of JPI.inorder to bring in the nccessary expertise for development of our entry, descent and landing
approach.

Wc knew we had to go outside of 1P1. for this, but never appreciated how much. You could not go to the
JP1. phone book and look up the names for the. planetary entry, descent and landing division. We have. not had
this development expertise a J]’]. in place since the Surveyor Moon mission in the 1960s- as a matter of fact, no
complete planet ary 1 anding development technology base was avail able an ywhere in the US.

At Pathfinder start, just bits and picces of related expertise were scattered about, We scowred the
country side and found this support:

1. Major test facilitics and test cxpertise for carly proof-of-concept airbag testing at Sandia National

1 .aboratorics

2. Key aged, but contributing Viking engincers and managers and their lessons learned

3. 1ixcellent, cost-effective amospheric entry support from NASA’s Ames and Langley Rescarch Centers

4. Acroshell design, fabrication and test cxpertise at Lockheed Martin adapting the Viking design

including uscof the Viking heatshicld ablative material

5. Parachute expericnce at Pioneer Acrospace adapting mainly their Farth parachute expertise, but starting

with the Viking disk-gap-band parachute design and importantly relying on Viking's extensive
parachute testcxperience, especially at high atitudes

0. Extensive expertise a 111 Dover for Pathfinder’s major development of the airbags

7. Major test facilitics and test expertise at the China 1.ake Naval Weapons Center for rocket drop tests,

altimeter tests and cruise stage-backshcl]- lander separations tests

8. Major test facilitics and test expertisec at NASA’s 1.cwis Research Center Plum Brook Station chamber

for airbag drop tests at smulated Mars atmosphere

9. Very importantly, the infusion into the Pathfinder team of a clcsign-test-design-test some more ---

culture for items like. the parachute, the. bridle, solid rocket system and the airbags by Sandia, Pioncer,
China 1 .ake and I1.C: Dover




10. Design and test consulting and critique from within IP1 ., Sandia, Space Industrics, NASA’s Ames and
Langley Research Centers, L.ockheed Martin and from numerous consultants (wc also interacted with
the Russians and the European Space Agency [fiSA])

J’]. is putting the whole EDI, system together: performing the system design, orchestrating the EDI. tests
and simulations, asscssing mission risk mitigation, ant] building the. backshell, bridle andlander including its
uprighting petals (as well as the cruise stage whichis jetti soned prior to entry). The full EDI. tcam is listed in
Table 1. T'o a contractor, smallto large, cach got with the. spirit of Pathfinder, doing more. for less. Most contracts

were fixed price.

‘I'ablel:EDI. SUPPORT TEAM
System IPL.
Red 11 at Team' JPL., USC, Space Industrics, UCL.A, CI'T, Other consultants

Analysis, Consulting, Review

Space Industrics

Fatry Dynamics Sim

1 .anglcy Research Center

Backshell Structure

1.ockheced Martin

Backshell Interface Plate (BIP)

JPL,

Acroshclland Heatshicld Anal ysis

T.ockheed Martin

1 lcatshicld Analysis Support

Ames Research Center/Applic(i Rescarch Associates/| .angley Research Cir,

Backshell TPS

1 .ockhecd Martin

BIP Insulation

Ames Rescarch Center

Multi-Body Descent Sim

JPL.

Parachute Pioneer Acrospace

Bridle Drop Tests China 1.ake Naval Air Weapons Center
Bridle IPI,

RADSystem JPI,

RAD Rockets Thiokol

Airbag Impact Analysis Sandia National 1.ab, Rockwell
Airbags 11.C Dover

Airbag Gas Generators Thiokol

Scparations Pl

Sequence Pl

Communications JPI,

RA 1Y Drop 1 ests Chinal.ake Naval Air Weapons Center
Initial Airbag IDrop Test Sandia Natianal .Lah

1+111-Scale. Airbag Drop Tests

| .ewis Plum Brook Resecarch Center

Parachutce 1rop Tests

Yuma and Boise Orchard Training Range

What makes agood project tcam

A good project team relies on fundamentals: achieving a thorough understanding of the work scope,

breaking this work scope into its individual pieces, assigning individual team members responsibility for these
picces, giving them a clear understanding of their responsibility and constraints, and doing the system engincering
up front to ensure compatibility of the picces.

A good project team is dynamic and flexible. It carries an up-to-date, thorough cost andschedule planin
front of itat al] times, changing the plan as necessary, when necessary, to reflect better understanding of the job as
itunfolds, work-arounds to problems and changes in scope m dircction- which in this day of fixed price projects
can’'t be tolerated to any significant degree. Key to success IS achieving ant] maintaining a clearly understood
project objective up front with the customer.

On Pathfinder, for Project performance tracking and cent rol, WC adapted the hai r- raising, a ti mcs
frustrating, two-minute drill “bend but don’t break” defensive tactic NEL, teams usc to protect a lead: give up
yardage but don’tlet them score. You start the project, this defensive drill, with sufficient dollars and schedule
reserves: our available yardage. As mentioned, we started with $S0M of the $ 150M as reserves and laid out a
schedule which had deliveries of the major flight subsystems starting as early as 21 months after Project start to
provide ample time, 18 months for Flight System Assembly, Test and Launch Operations (A11.0).

'Red Hat= Devil’s advocates which challenge and question EDI, design and test approaches
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Proceeding throughout Project development, monthly technical schedule and  cost  performance
measurementsare made. - actuals compared against p] an. Plans are updated wi(h both schedule and cost reserves
passed out if necessary for recovery against problems-  bending but not breaking cach month as wc proceed to
launch, using wisely our re.serves but not exceeding the caps. Again, important to this is a thorough 10b of pre-
project planning in defining project scope and achicving a thorough Work Breakdown Structure (WBS) and cost
cstimates.

| imphasis is placed on looking forward towards completion of development, keeping athorough cost-to-
complete estimate for al developmentitems:

The cost to complete estimate is cqualto actual dol lars expended to date plus dollar reserves required for
delayed work and problems- present problems plus an estimate for the likel y set of future problems: “what ifs”.

Thisisincontrastto management’s tendency tolook backward in mcasuring a project’s performance:
measuring actual accomplishiments against the original baselline. plan, but this too is important. This is where
computer aided project metrics arc handy: producing quickly, modificd plans and forward looking cost-to-
complete est i mates for the Project, at the same time comparing Project performance against the original baseline
plan for its management. °

On Pathfinder wehave an excellent team!

‘J'bird: The discipline of accomplishing effective programmatic and mission risk assessment and mitigation
must be initiate.(i in project planning and carried out throughout project development and flight
opcrations.

AN 1 MPORTANT PROCESS

On Mars Pathfinder, we quickl y realized that animportant process pervaded both programmatic and
mission assessment and mitigation which brought to bear today’s expertise and space lessons of my individual
team members at the grassroots level. Even though we are driven to effect new ways of doing business, this
concept turned out to be not new, but just as important in the past as it is now.

1t boils down to this:

For tasks related to the above implementation steps such as constructing a cost cstimate, or assessing $ or
schedule reserves needs, or assessing mission risk, the first step is to develop a thorough breakdown of the task
into its pieces, i.e., generating a detailed Work Breakdown Structure (WRS) for the budget and generating a
breakdown of the mission functions form launch, through cruise, EDL, and surface operations. Next, cach piece
of the task is giventoan acknowledged cxpert of that piece for analysis. In most cases this is a project team
member empowered to implement this picce, but it could involve. also one. or two of hig/her peersin support.

You rely on these expert’s past experience base with their space lessons learned scars coupled with their
knowledge of present technologics and methods to derive plans and schedules for cost estimates and for assessing
weak and strong points of design for reliability estimate.s in Mission Risk Assessment. This is risk analysis
coming in a the lowest level, carly when it counts.

once all the picces of the task are analyzed, then they arc added to form a cost estimate, say, or they are
inputted into a Monte Carlo process to de.rive. a Mission Success probability for Risk Assessment, as another
example. In folding in the picces, relative. “weak pieces’ are identified for corrective action to make them better.

A conscious and thorough application of this process described above is built i nto the Mars Path finder
approach, it’s amost automatic. Again, nothing here isnew - but it’s surprising as to how many places this same
processis useful. Also, it’sin the quality of the execution of this process that counts and this takes an excellent
team, knowledgeabl e and respect ful of past spacelessons learned.

Global/top down infusion of space lessons.!ulu]c(l

in addition, Mars Pathfinder, conducts external peer reviews periodically of all key design, implementation
and test decisions made by the project, over 75 of these to date.

For Mars Pathfinder’s Risk Asscssmentand Mitigation activity, past deep space mission’ failures,
problems and also successes arc being scrutinized for “common threads” of mistakes, oversight and deficiencies
and for things that went right that Mars Pathfinder can avoid or exploit.

Marincr, Viking, Voyager, Magellan, Gallilco, Mars Observer missions



Bottom linc on mission risk:  Robust  designs, adequate  margins, extensive  flight
qualification and testing, limited critical redundancy, built-in
gracceful degradation, coupled with a short mission life are our
major mission risk mitigations.

STATUSONOUR 1'11S11 TOIL.AUNCH

CY95 was our year for extensive EDL. simulations and testing, around 50, many were drop tests from
towers or helicopters. A sampling of these include:

L RADrocketfire drop-tests at china] .ake, California in February and December

2. Airbag drop tests at NASA’s 1 ewis Research Center Plum Brook facility in May, July and September.
1 7inal flight acceptance testing will occur in Marchand April of this year
Airbag retraction/lander uprighting tests in October/November
Multi-body, parachute-backsh cll-bridle-lan der in Augustin adesert outside Boise, Idaho
Mortar fire parachute deployment and drop tests in September outside Hoist
Altimeter drop tests at Chinal.ake throughout the summer and fall
Bridle deploy tests in the summer at China l.ake and JP1.

Acroshell, cruise stage. lander separation tests in the spping, summer and fall

Most of 11, simulations and testing arc complete. We arc running our {inal EDL. system Monte Carlo
simulations in March and in addition to the airbags, we will complete flight acceptance testing for the bridic and
RAD rockets by July, finishing EDI. readiness for flight. The flight acroshell, parachute, airbags and RA I rockets
arc installed on the flight system at TR in September. Flight-like items of these arc used in flight System
environmental and system tests in- Pasadena.

In addition, in1 995, as forecast at project star(, we started flight system assembly, test and launch
operations (A'T1.0)onJunc1.InPhase 1 from June through December, we conducted initia integration and test
of al flight subsystems including the rover and instruments, conducted vibration and centrifuge testing of our
clectronic box which contains most of the Ri*and digital electronics, and ran System Tests 1 and 2 focusing on
launch, cruise and IID1., but accomplishing some surface operations as well, in February, we complete final
spacecraft assembly, nesting and stacking: placing the rover on its pane], folding the lander panels, placing the
lander inside the backshell, capping it with the acroshell and attaching the cruise stage. System ‘I'est 3 follows
rcpe.sting System Tests 1 and 2, which were done in a “2-dimensional” configuration using jumper cables, in the
final flight configuration. ‘1"hen, in March and Aprilin our launch/cruise configuration, wc do an acoustic test of
the flight system followed by solar thermal/vacuum, STV- 1. System Test 4 follows STV- 1 emphasizing surface
operations, prior 1o a second thermal/vacuum, STV-2, inJunc, but this time not quite vacuum, but at Mars
atimospheric pressure with the lander and roverin their surface operations configurations. Iollowing STV-2, wc
doour final System Test 5 in AugustinPasadena before shipmenttol{TRin August- a thorough test of all
launch, cruise, 11, and surface operations functions.

At 1 TR, we repeat elements of the Pasadena System Test 5, finalassembly, final spin balance tests in both
the cruise and entry configurations, pyro arming, fueling, launch vehicle mate, and launch!

Unlike NEAR, our launch dots not happen at a convenient time in the day, but at 2 am. FHastern Standard
I'ime. Before the fing] all-up countdown simulation with everybody at their stations, the project will practice this
event at least 3 times by themselves-  at our launch time. Topefully our launch will go as well as the NEAR
launch. Figures 3,4 and 5 depict the lander, its cruise stage and the I-over.

NN B W




Table 2: ACRONYM 1.1ST

APXS = Alpha, Proton, X-Ray Spectrometer
ASHYMET = Atmospheric Structure Instrument/Meteorology
ATLO = Assembl y, Testand Launch Operations
BIP = Backshell Interface I'late

CIT = California Institute of Technology

E1)1, = 1 intry, Descentand 1 anding

111"1< = 1astern Test Range

11GA = nigh-Gain Antenna

IM I’ =Imager for M ars Pathfinder

ISA =- Insulated Structure Assembly

LGA = Low-Gain Antenna

RAI) =Rocket Assisted 1 deceleration

TPS = Thermal Protection System

UCIL.A = University of California, .os Angeles
UHY = Ultra High Yrequency

USC = University of Southern California
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Regional mosaic showing the Mars Pathfinder landing site ( 100 km by 200 km landing ellipse. shown).
The mosaic shows large catastrophic outflow channcls debouching from the southern heavil y crateted
highlands into Chryse Planitia and the northern lowland plains. Ares Vallis flowed to the northwest (from
the southeast) across the landing site. Tiu Valles, justto the west of Arcs Vallis, probably also flowed
across the landing arca. The landing site itself is a very smooth depositional surface, where the flood
walers deposited the sediments carved from the channels. | .anding at this location should allow analysis of
awide variety of rock types deposited by the flood.
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Figure 3: MARS PATHFINDER CRUISE STAGE:
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Figure 4: MARS PATHIFINDER ROVER
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